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Abstract 
Polymeric collectors have been exposed on outdoor testing sites in three distinct climatic locations and the climatic loads and 
collector temperatures have been monitored by the minute. The obtained data was analyzed with focus on the frequency and 
extend of the thermal loads, which the different components of the collector were exposed to. As a result this data can be 
correlated to accelerated aging tests. 
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1. Introduction 
Polymeric solar thermal collectors have been subject to research for several years and have been within the focus 
of some national and international research projects [1, 2]. Among other aspects, the potential for cost savings during 
production and the better ecological impact due to the use of polymeric materials have been the driving forces for 
continuous work in this field [3]. Within the project SCOOP (www.eu-scoop.org) several prototypes of polymeric 
collectors and thermosiphon systems have been developed and have been undergoing service life testing. 
Using polymeric materials for components exposed to high thermal loads, the investigation of such influences on 
the long term stability is of special interest. In order to investigate the thermal loads on the polymeric materials 
expected for the different types of collectors, functional models of such collectors have been selected as complex 
material test specimens. 
Three functional models of polymeric collectors have been exposed at outdoor testing sites maintained by 
Fraunhofer ISE in three distinct climatic regions: desert (Negev, Israel), maritime (Gran Canaria, Spain) and 
moderate (Freiburg, Germany). 
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The functional models represent two general concepts for polymeric solar thermal collectors. The investigated flat 
plate collectors consist of extruded twin wall sheet polymeric absorbers and polymeric glazing, while the insulation 
is mineral wool and the collector is framed with aluminum. Within this study two different absorber materials were 
investigated, polypropylene (PP) [4] and poylphenylene sulfide (PPS) [5]. The other concept undergoing testing was 
an integrated collector storage (ICS) system, consisting of a large-volume injection molded absorber from glass-fiber 
reinforced polyamide (PA), transparent polymeric insulation, non-transparent insulation of extruded polystyrene 
(XPS), solar glass glazing and aluminum casing. 
While the casing materials were aluminum in all tested models, other components varied. Other polymeric 
materials were XPS and polycarbonate (PC), but were generally exposed to much lower thermal loads than the 
absorber materials and are therefore not in the focus of this study. 
All collector models have been exposed in dry stagnation conditions. Therefore the maximum temperatures are 
expected to exceed the normal operational loads. 
 
Nomenclature 
ICS integrated collector storage 
PA-GF glass fibre reinforced polyamide 
PC polycarbonate 
PP polypropylen 
PPS polyphenylen sulphide 
Tcritical Temperature threshold estimated to have significant effect on material degradation 
XPS extruded polystyrene 
2. Climate and temperature monitoring 
The polymeric collectors, two flat plate collectors and one integrated collector-storage system, have been 
equipped with 5 Pt100 type temperature sensors (Fig. 1) each and sent to the outdoor test sites. The temperature 
sensors were installed in different parts of the absorbers and the casings in order to study the influence of the 
collector design on the thermal loads of different components. 
In all locations specific climatic loads like temperature, wind speed, irradiance and others were recorded in one 
minute intervals, same as for the temperature sensors installed in the collectors. 
 
Fig. 1: Schematic illustration of the two general types of polymeric collectors developed within the project. A flat plate collector (left) with 
extruded absorber made from polyphenylene sulphide (PPS) or polypropylene (PP), respectively, and an integrated collector storage (ICS) 
system  (right) with an injection molded absorber from glass-fibre reinforced polyamide (PA). Temperature sensors were installed in different 
regions of the collector in order to investigate the particular thermal loads on different materials 
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Table 1: Overview of installed collector models and outdoor testing locations. Additional models were installed for comparison of different 
installation modes (*) or for comparison of dry stagnation and water filled exposure (**). 
Location Flat plate PPS Flat plate PP ICS PA 
Negev  5 5  5 
Gran Canaria  5(+5)* 5  5 
Freiburg  5 5  5(+3)** 
3. Data analysis 
Main focus of the outdoor tests was the identification of real-life loads on the used polymeric materials, in 
particular the absorbers, on the one hand and material aging tests on the other. In the further process such material 
aging data can be correlated to accelerated aging tests in the lab and help to improve the development and 
adjustment of such materials. The recorded data was processed accordingly.  
For this purpose the raw data was first filtered by dismissing values below -10 °C and higher than 200 °C prior to 
further analysis. All data analysis was performed using in house written Python scripts on averaged mean values 
over 10 minute intervals. 
Table 2: Overview of the recording periods at the different locations for the analysed data. *Due to technical malfunction date recording was 
corrupted during this period. The monitoring of the environmental conditions was not affected by this malfunction. 
 Negev, Israel Gran Canaria, Spain Freiburg, Germany 
Number of hours 7996,3 10748,83 5731,5 
Number of Days ~333 ~448 ~239 
Period 06/2014-09/2014* 
01/2015-11/2015 
07/2014-11/2015 01/2015- 11/2015 
3.1. Histograms 
Based on latest data sets (Table 2) histograms were prepared with bins of 2.85 K allowing to identify the relevant 
load conditions and a qualitative comparison of different loads in different regions of the collector (Fig. 2 and Fig. 
3). On one hand this way of displaying provides a more qualitative feedback regarding the temperature load profile 
for different sensor locations, for example the overall histogram shape and the frequency of high and low 
temperature loads. On the other hand, based on this general overview, the relevant data for further analysis can be 
selected, while sensor data, which is uncritical for material testing purposes, can be excluded from this process. 
Depending on the materials and the expected degradation processes one or more critical temperatures can be 
determined (illustrated in Fig. 2 b). 
Based on these initial data analysis steps, the frequency (1) and total amount of hours (2) above a certain critical 
temperature (Tcritical), can be calculated.  
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These observations are of more qualitative nature and allow no direct comparison of different collector models 
and test specimens in different location. 
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As the absorber is the component with the highest thermal loads, in the following the exemplary data analysis is 
focused on the data recorded for this component. However, the long-term thermal loads acting on other components, 
like the glazing made from polycarbonate, need to be considered as well, depending on the used material. 
 
Displayed in Table 3 are the calculated values for Ncritical and Fcritical according to (1) and (2), respectively, for the 
solar absorber materials in both the flat plate collector and the integrated collector storage (ICS) for all three 
locations. While the flat plate collector shows a similar Fcritical in both location Gran Canaria and Freiburg, the 
critical Temperature (Tcritical) of 85 °C is exceeded at the desert location in the Negev more frequently. The values 
for the ICS system vary between all locations to a much larger extend. 
Table 3: Summary of detailed analysis of the recorded data histograms for temperature sensors located in the particular solar absorber materials. 
For all existing data sets the total number of hours above the critical temperature (Ncritical) of 85 °C and the corresponding frequency (Fcritical) were 
calculated. 
 Negev, Israel Gran Canaria, Spain Freiburg, Germany 
  Fcritical in % Ncritical Fcritical in % Ncritical Fcritical in % Ncritical 
Flat plate 
collector 
Absorber center 26.83 2418.7 15.54 1811.8 15.28 1004.0 
Absorber edge 18.62 1678.3 4.23 493.3 0.86 56.7 
Insulation 25.58 2037.8 12.38 1443.2 13.24 872.3 
Integrated 
collector storage 
(ICS) 
Top center 17.23 1377.7 3.44 370.0 10.63 609.0 
Top edge 10.37 829.0 1.00 107.7 5.73 328.8. 
Bottom center 8.18 654.8 0 0 3.58 205.8 
 
Fig. 2: Temperature data for a flat plate collector exposed at the outdoor testing site in Freiburg displayed as histograms. The colors match the 
sensor locations marked in Fig. 1. The total number of hours recorded for the given data set is illustrated for the top sensor measuring the air 
gap temperature (a), the absorber temperature (b and c) and the temperature of the mineral wool insulation (d). Exemplary the numbert of 
hours above the threshold temperature of 85 °C is marked (b). 
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Due to the cyclic nature of the recorded data, caused by seasonal changes of the environmental factors like 
ambient temperature and insolation, there is a strong dependency between the histogram´s pattern and the fraction of 
a years recording of a given data set. This becomes evident by comparison of the individual histograms from 
different locations for the same sensor type (Fig. 4). From a qualitative point the temperatures appear higher for the 
exposure at the location in Freiburg than on Gran Canaria and reach higher total values than in the Negev desert. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Temperature data for the ICS collector exposed in Gran Canaria, Spain displayed as histograms. The histograms are marked according 
to the sensor locations illustrated in Fig. 1. Exemplary the number of hours above a threshold temperature of 60 °C is marked (d). 
Fig. 4: Comparison of histograms for the temperature distribution recorded by temperature sensors recorded in the top part of the absorber of 
the ICS collector models in the three outdoor locations. The different locations are represented by different colors: Negev, Israel (red), Gran 
Canaria, Spain (green) and Freiburg, Germany (blue). The basis for the illustrated histograms in listed in more detail in Table 2. 
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The influence of seasonal changes becomes evident by comparing histograms from different recording periods 
(Fig. 5). The data recording in the Negev desert for the displayed sensor started in June 2015, according to Table 2. 
In the first quarter and until the failure of the data recording the high ambient temperatures and high levels of 
insolation are reflected in the histograms shape. In the second quarter only little data was acquired after the 
restoration of the measurement infrastructure. Within the following two quarters of the monitoring the shape of the 
histogram changed significantly. With increasing data sets the effects of seasonal changes on the histogram´s shape 
are reduced and the overall shape represents the outdoor exposure conditions more closely. This, however, requires 
long exposure times of several seasons of continued data recordings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2. Statistical analysis 
In order to compensate data gaps and reduced outdoor monitoring duration a new approach for data analysis was 
taken. Based on few general assumptions the recorded data was reduced to one daily set of values in order to 
determine the number of hours above Tcritical for any time of exposure at the monitored locations. The underlying 
assumptions were: 
 
x The absorber and inside temperature of the collector do not change rapidly due to the insolation of the 
collector and a certain thermal mass, therefore short term changes in the solar irradiance are negligible.  
x The inside temperature of the collector correlates with the total daily insolation. 
x Changes in ambient temperature are small compared to the absolute temperature changes inside the 
absorber and therefore their influence is negligible. 
x Changes in ambient temperature correlate with the daily total insolation. 
x The collector reaches thermal equilibrium with the ambient overnight and therefore daily data can be 
handled independently. 
 
Based on these assumptions the total daily irradiance and the number of hours above Tcritical for each day was 
calculated. Illustrated in (Fig. 6 a) is the analysis for a given data set for three sensors of the inside of a flat plate 
collector (absorbers and insulation).  
Fig. 5: Illustrated evolution of histogram over one year of recording for data recorded for sensor ICS top center of the absorber at the outdoor 
testing location in the Negev, Israel. The first quarter marks the beginning of the recording in June 2014. During the second quarter only little 
additional data was recorded due to a malfunction. After restoration of the monitoring equipment in the third quarter the data recorded 
beginning January 2015 already has significant influence on the histograms shape. 
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Further a linear fit was performed to identify the collector dependent parameters acollector and ccollector (3). Based on 
these factors and the recorded global irradiance at a given location, the expected temperatures were calculated (Fig. 
6 c) for the date gap (Fig. 6 b) which resulted from a technical malfunction. The in such way obtained predicted 
values seem to fill the data gap well and match the recorded date sufficiently, but the total deviation between 
measured and predicted values needs further investigation. Also the necessary duration of the data recording period 
till a conversion of the collector parameters is sufficient to predict further behavior needs further investigation, same 
as the influence of other parameters like wind loads.  
 
cEaN collectorglobalcollectorcritical    (3) 
4. Findings and outlook 
The data analysis by histograms has proven to be a valuable tool to analyze large amounts of monitoring data. 
For every temperature sensor installed and monitored a histogram can be produced showing the specific thermal 
loads. Based on this analysis a direct correlation to indoor accelerated aging tests can be made on the basis of total 
Fig. 6: Exemplary statistical analysis of data recorded for three sensors of a flat plate collector exposed at the outdoor testing site in the Negev 
(a). The recording period that started in June 2014 was interrupted form September the same year till January of the following year due to a 
technical malfunction. The recording of the global irradiance, here plotted as normalized integral daily global irradiance (black line) was not 
affected by this defect (b). Using the collector parameters determined for a given sensor based on the data recording prior and after the 
malfunction these data gaps have been calculated using the global irradiance data as input (c). 
a)
b) c) 
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amount of hours over a certain threshold temperature. Using several different aging series the matching of outdoor 
and indoor exposure can be enhanced at this point. 
During the analysis it has become evident, that sufficient long periods of data recording are required to receive a 
typical histogram shape for each location and sensor. It has been observed, that unforeseen incidents, like technical 
defects can prolong the exposure period by a year or more. During this time the technical infrastructure needs to be 
maintained and the test specimen are not available for further testing. 
A new statistical approach to fill data gaps and predict expected temperature loads has proven to be an 
appropriate tool to reduced exposure times. This method however needs to be further evaluated and tested against 
recorded data in order to estimate the deviation between prediction and real recording. 
Temperatures selected to be Tcritical are based on lab indoor testing conditions selected for the investigated 
materials. This cut-off criterion can be adjusted to other aging models like Arrhenius type or the miners rule. In 
order to gain directly correlatable material data, the exposed material test specimen need to be retrieved form the 
outdoor testing locations. These test specimens need to undergo the same material characterization procedure as the 
indoor tested specimens in order to identify aging mechanisms and extend of material degradation. As these test 
specimens are complex and the effort of shipping abroad and installation is high, only few test specimens have been 
exposed, one specific type at a given location. As the proposed approach for data analysis seems promising, the test 
specimens can be retrieved after all relevant collector parameters have been identified and the data prediction has 
been tested. The so retrieved collector materials can be tested accordingly and test results matched to the accelerated 
aging tests performed within the project. 
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